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Joe Nolan has gotten toget&r a group of VI

CROSSROADS photographs which have been released for public
views, and these were forwarded on to you today. There-
fore, you should probably receive them even before this
letter since no problems of delivery are involved.

In going through the safe in the main
CROSSROADS office thqy discovered a copy of the section
of our report dealing with the neutron flux. This copy
was supposed to have been delivered to you by courier in
September and I must apologize for such ~ bad foul-up.
Howewer, I am now enclosing it along with a copy of a
graph showing the variation with distmces for slow neut-
rons ● The points used on this graph were carefully
selected to make s-me no shielding of any sort existed
and their accurate locations on the ships were used in
computing the distances. As you will see, they agree
quite closely with the predicted equation of Hirschfelder
and Magee.

In analyzing these neutron results, we have
raised a Yew questions. We have put them to Doctor
Dessauer and he is checking them, but I wondered if perhaps
you or some one at Los Alamos could also help us out. The

first point involves the question whether the Sulphur pills
are measuring all the fast neutrons which are of physio-
logical importance. Since the minimum energy of the
neutrons captured by the Sulphur is between two and three
Mev and since it is our impression that a number of the
fast neutrons of physiological significance are in the
‘energy range between 1/10 and 2 Mev, we thought our
values might be considerably in error. Would it be possible
to obtain the energy distribution of the fast neutrons which
actually get out of the bomb? Another point involves the
Question of whether we are usin~ the ~roper cross-section
~or the
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We are also trying to calculate the absorption
of slow neutrons by steel. Do you know of any data at Los
Alamos which would help us out in this respect? Unfortu-
nately, our experimental data from the pills placed around
the various ships is not too satisfactory because of the
tremendous scattering of the slow neutrons and the conseq-
uent difficulty in measuring the thickness of the steel
shielding.

Some time ago we wrote to Doctor Holloway
to see if any of the data obtained by Linenberger and Ogle
could be used to obtain neutron flux, but as yet have had
no reply. I also wondered if you had succeeded in getting
Dessauerrs neutron films calibrated. The more data we can
collect the better chance we will have of coming out with
at least a reasonably accurate answer.

I hope this sudden onslaught won% completely
snow you under, but we are desperately trying to tie Up
some of our loose ends before the powers that be make their
decisions.

Sincerely yours,

7+ec.
Herbert Scoville$ jr

Encls:
1 graph, Top Secret, 1 page
App XIII, 8 pages, Neutron Dosage from $ulphur and

Phosphate Pills.
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1 am returninghereitiyour letterfromHt Soovilleand will take up in order.the
~usstionsraisedby him, Concerningthe neutronsin the physiologicallyinterestingm-..
g~on from between;a. 1#0 and 2 Msv., reference should be made to my CrossroadsTeoh-
nioal Instr~”nt.ationBeport--Project do. VII-2 (LosMamos reference notation is JAMS-
447), ti which the number oi’neutronshavingenergiesgreaterthanS Mev.‘isgiven for
4<solid anglejaga funotionof.distanaaeZf thiscvve (*king prqwr ao~o~t of dis-
tance dquared factor6) is oospred with the phosphorous activity curva.sent you by SCO-
ville, 1 think a few qualitative considerations will indicate that the slope of the lat-
ter curve maybe considered the up’perlimit for the slope of the number-distanoecurve
for any neutrons of Intermediate energies. Also, the number of these neutrons will not
be less for a given distanoe than the number indicated by the phosphorous c~e. M

reasoning brjefly runs as follows. Assume for the moment no captnre by nitrogen and :
oxygen in the air. The scattering mean-free-path of those neutrons for whioh phosphorous
is of any value as a detector (i.e., slow to thermai region) is sufficiently short as
to require that theybe ‘bornn of higher energy neu:rons at or near the point of capture
by phosphorous; i.e., they do not em’rge from the bomb with these energies. Zhe ‘parentsn
of the “phosphorous neutrbnsn may thee in a sense be oansidered as all those neutrons
which the sulphur does not see; and, were.lt not for capture, they would be equal in ‘=-
ber to the parent n~utrons. That the slope of’the distribution curv9 for neutrons of-y
intermediate energy will be le6s than that of the phosphorous curve, ia based on two con-.
6id0ratiOn6; (a] the usuallfiliable assumption that the scatteringerms section will
decrease with increasing energies; and (b) the fact that the slowing down diste.noein-
creases with increasing energy. Applylng (a) and (b) in reverse will serve to nake plausl-
ble that at the same tire the slope of the 6ulphur curve will be a lower limit for the
slope of the number-dl$banoe ourvo for neutrons of an ~ntormediate energy. ikre, however,
no comparison can be made concerning the actual numbers of neutrons. In fact, it is rea-
sonable to expect that “due to general degradation more neutrons emerge with energies les6
than 3 Eev. than with-energies greater than this. —

It is byno mans a 6~ple matter to make any sort of quantitative analysis of tk
energy speotrum of neutrons from the bomb; however, 1 am appending a memorandum by”
Holloway whioh may shed some light on the matter.

The cross seetion for absorption of S1OU neutrons by phosphorous used by Sooville
agrees with the generally acoepted value of that quantity for thermalneutrons~and hsnoe

known ●bout the ‘variationof this -cros~section with energy 60 that I am at a loss to know
w t to 6U ge8t4a6 abetter value.
!)? On %he other hand, the cross seotion for the

S (n,p)d reaetton may be regarded as a step funotion ricing wry eteeply at 3 Mev. to
a constant ?alue ~f about.O.4 barns (See Klema, LJS Al-s report LA-515]. :

A8 for the absorption of slow neutrons by steel, the thermal absorption cross seo-
tim ofFe is about 2.5,barns; so that the capture mean-free-path or o-folding distance
oomes to 2.8 cm. .
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I understand there is -somequestion as ta whether the spectrum of

neutrons is

can be shed

The fission

about 1.8 Mev and extending, with small ordinate, up to 11 MVC Collisionsaf the

neutronswith matteral%er the explosionwill Jocreasethe averageenergyof the

neutrons.

a s~oath finction or has peaks ~d holes in it*

on this paint, but anything further is a project

neutrons spectrum is n smooth function of energy

I believe some light

of soresmagnitude.

having a maximw at

If there should be a strong resonance scattering or absorption in the air

atoms, then the spectrum need not necessarily remain a smooth function. In oxygen

there are several resonances An the scattering cross-section;at about 3.& Mm (3

barns over a background of 1 barn), at 0.9 Mev (5 barns over a background of 2 barns)

and a rapidly rising cross-section towards lcw energies (about 6 barns at 0.4 Mev).

The presencg of a scatte~ing resonance which has a cross-section say twice that on .

either sidg of the resoaance leads to tk.econdition that there are fouer neutrons

existing at the energy of the resonance, since neqtrons are scattered out of that

energy region twice as fast as th3y are scatt-retiinto it. Thus, one would expect

a “holen in the spectrup at the energy of the resonance. %wever, one should not

expect any sharp holes, since the resonances are fairly broad and the energy lost

per collision is not a definite fraction but depends upon the angle of colli~ion. In

nitrogen there are absorption resonances at 1.45 Mev (0.085 barns over backgrou~d of

0,01 barn), at C.? Mev (0.12 barn over 0.01 barn) aad at 0.55 Mev (0.06 barn over

0.005 barn. These absorption resonances are not strong enough to appreciably change

the spectrum, since only 1/10 of the neutrons see these resonances; the average

scattering cross-section is about 10 tires greater than the resonance cross-sectiou.
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In conlusion, I see no reason for the spectrum of neutrons to be very

irregular. The ini’or~tion on scattering and absorpiton cross-sectionwas

obtained from LA-140 and LA-140A.

MGH :b!K
M. G. siollowtiy
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